Tumors involving the ampulla could be arising primarily in the ampulla or extending from the adjacent. When a neoplasm is centered primarily in the ampulla with or without periampullary mucosal involvement, it is considered a primary ampullary carcinoma. These tumors generally have a better prognosis than duodenal and pancreaticobiliary neoplasms secondarily involving the ampulla. Distinguishing between the two primary types has prognostic implications, as the pancreaticobiliary-type ampullary carcinomas are said to have a poorer prognosis than the intestinal-type. Morphological analysis alone may not suffice in this context. The role of immunohistochemistry has therefore been explored by various groups of workers. The purpose of the present study was to determine the role of morphology and cytokeratin profile in accurate typing of ampullary carcinomas as intestinal and pancreaticobiliary.
Introduction
Junctions of two different types of epithelia can give rise to tumors that may show features of either the involved epithelia or a mixture or an intermediate amount of both. One such junction is the ampulla of Vater [1, 2] . Primary ampullary carcinomas generally have a better prognosis than duodenal and pancreaticobiliary neoplasms that secondarily involve the ampulla [3, 4] . On the basis of microscopic appearance, primary ampullary carcinomas are classified as intestinal, pancreaticobiliary, or mixed types [3, 4] . Distinguishing between the first two types is important: The pancreatobiliary-type carries a poorer prognosis than the intestinal-type [5, 6] . Morphological analysis alone may not be sufficient for diagnosis. The role of immunohistochemistry has therefore been explored by various groups of workers. The pattern of cytokeratin (CK) expression, CK7−/CK20+ in the intestinal-type and CK7+/CK20-in the pancreaticobiliary-type, correlated with morphological characteristics in some of these studies [7, 8] . However, results of other studies contradicted these observations [9, 10] . The purpose of this study was to determine the role of cell structure and CK profile in accurate typing of ampullary carcinomas as intestinal and pancreaticobiliary.
Materials and Method
Seventy-two specimens of ampullary carcinoma were studied in the Department of Pathology, in a tertiary health care center in India, over a period of 8 years. Of these, 25 were obtained through pancreaticoduodenectomy and 47 through endoscopic biopsy. After the relevant paraffin sections and blocks were screened, 30 cases were selected for this study, according to the following criteria:
(1) Histopathological features were unequivocally those of a pure, invasive adenocarcinoma (2) The neoplasm involved primarily the ampulla of Vater, with or without periampullary extension, as judged by gross examination of the resection specimens and by the endoscopic appearance Specimens with an exclusively periampullary pattern of growth were not included in the study. Clinical data included the mode of presentation and endoscopic or operative findings, obtained from case files and pathology request forms. Gross, microscopic, and immunohistochemical findings were recorded in the pathological examination.
2.1. Gross Examination 2.1.1. Resection Specimens. For each specimen, we recorded the location and pattern of growth (ampullary or mixed ampullary/periampullary); size of the lesion; gross morphological type (i.e., ulcerative, polypoid, or stenosing); and involvement of the head of the pancreas, duodenal wall, common bile duct, and lymph nodes.
Endoscopic Biopsy Samples.
Endoscopic observation yielded information regarding the pattern of growth, size, and gross morphological type. This information was collected through pathology request forms or from patient files.
Microscopic Examination.
We examined the architecture of the neoplasm (e.g., tubular, papillary, or mixed) cell structure (including cell height), the presence of nuclear atypia, and the nature of the stroma. We attempted to classify each of the tumors as intestinal or pancreaticobiliary or of mixed-type.
Immunochemistry.
Immunostaining for CK7 and CK20 was performed on sections from all 30 blocks by means of the following technique [11] . First, two specimens of colonic carcinoma and one of cholangiocarcinoma were chosen as controls for CK7 and CK20, respectively. From the chosen paraffin blocks, 4 μm thick sections were made and then stained with hematoxylin and eosin and visualized by microscopy. To detect CK7 and CK20 expression, we performed immunohistochemical studies with horseradish peroxidase (HRP), a supersensitive polymer, along with appropriate controls. We used 3,3′-diaminobenzidine tetrahydrochloride as the chromogen. By using a pressure cooker for 10 min and citrate buffer at a pH of 6.0, we retrieved the antigens to CK7 and CK20 (BioGenex, San Ramon, CA). The sections were then assessed microscopically. Scoring of nuclear immunoreactivity was performed in the well-stained area with no interference by nonspecific staining background. Immunoreactivity was graded according to the percentage of cells expressing the marker: 0 (no cells expressed the marker), 1 (<25% of neoplastic cells showed positivity), 2 (25%-50% of neoplastic cells showed positivity), and 3 (>50% of neoplastic cells showed positivity). The intensity of staining was also assessed, although in a subjective manner, and graded from 1+ to 3+ by two of the authors independently (UA and VN), and their results were compared.
Results
Of the specimens studied, 21 showed correlations between morphological type and CK7/CK20 staining pattern. Of these, two were of the intestinal-type of ampullary carcinoma (Figure 1(a)-1(e) ), 14 were of the pancreaticobiliary-type (Figure 2(a)-2(e) ), and five showed mixed intestinalpancreaticobiliary morphological type and CK profile (Tables 1 and 2 ; Figure 3(a)-3(d) ). In the remaining nine cases, the CK profile did not match cell structure (Tables 3  and 2 ).
The assessment of CK7 and CK20 expression revealed that of the nine metastatic tumors, 100% were CK7+, but only 44% (four) were CK20+. Among the six tumors without metastasis in our series, five (83%) expressed CK20, and four (67%) expressed CK7. This is in agreement with the earlier observations that colorectal adenocarcinomas with lymph node metastasis showed more CK7 expression than tumors without metastasis [4, 6] .
3.1. Lymph Node Metastasis and Tumor Types. A total of 15 specimens obtained from Whipple's resections were included in this study, of which nine showed metastatic deposits in the lymph nodes. Of the nine specimens, only seven had a morphological type that was correlated with CK profile, which enabled subtyping of the tumors. Of the seven carcinomas with lymph node metastasis, four were of pancreaticobiliarytype and three were of mixed-type. Pure intestinal carcinomas did not show lymph node involvement. Of the two cases with no morphological-immunohistochemical correlation, which had also metastasized to lymph nodes, one had a pancreaticobiliary CK profile and an intestinal morphological appearance, and the other had a mixed CK profile and a pancreaticobiliary morphological appearance. Regardless of morphological subtypes, we observed that of the nine tumors with lymph node metastasis, all expressed CK7, whereas only four (44%) expressed CK20. Of the six tumors without metastasis, five (83%) expressed CK20, and four (67%) expressed CK7.
In this study, we attempted to find correlations of individual histological features (such as architecture, predominant cell type, nuclear grade, and degree of desmoplasia) with CK7 and CK20 expressions. We found that tumors with an exclusively tubular architecture always expressed CK7, but not CK20.
With regard to cell height, CK20 expression was correlated strongly with tall columnar cells; all CK20+ tumors had a tall columnar cell component.
Cell Height and Cytokeratin Expression.
Twelve of the neoplasms assessed consisted of cuboidal or low columnar cells or both types. Eleven of these had a CK7+/CK20− profile, and the other had a CK7−/CK20− profile. Seven of these had a CK7+/CK20− profile, eight had a CK20+/CK7 + profile, and three had a CK7−/CK20+ profile. Although CK7 expression showed no significant correlation with cell height, all 11 CK20+ tumors had a considerable proportion of tall columnar cells.
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The distribution of the different nuclear grades did not differ between CK7+ and CK20+ tumors. However, 100% of high nuclear grade (+++) neoplasms expressed CK7, and 20% expressed CK20. This suggests a correlation between CK7 expression and high grade; however, the majority of tumors in this study were either pancreatobiliary or of mixed-type and were CK7+. Observations about desmoplasia also followed a similar pattern. The results should be viewed with regard to the fact that majority of the tumors were CK7+.
3.3. Nuclear Grade and Cytokeratin Profile. All of the ten tumors with +++ nuclear grade showed CK7 expression. Of the 11 tumors with CK20 expression, nine had a low to medium nuclear grade (Tables 4 and 2 ). Among the 12 tumors with grade 2 to 3+ desmoplasia, CK7 expression 3 Gastroenterology Research and Practice was present in 11 (92%), and CK20 was present in 5 (42%). In tumors with 0-1+ desmoplasia, 83% expressed CK7 (15/18) and 33%, CK20 (6/18; Tables 5 and 2 ).
Our findings are important because accurate histological typing of ampullary carcinomas would provide information that guides staging and planning of operative procedures. It would also provide a solid foundation for analyzing pathogenetic mechanisms of these tumors by more advanced methods, such as molecular studies.
Discussion
Ampullary carcinomas constitute 5% of gastrointestinal carcinomas and usually occur in people older than 60 years. The clinical symptoms and signs include jaundice, itching, loss of appetite, loss of weight, pale colored stools, and other signs of biliary obstruction [12] . Ampullary carcinomas, although usually small at the time of diagnosis, present with early obstructive symptoms thereby resulting in early detection.
Most of these tumors are present as a small mass projecting into the duodenal lumen or as periductal thickening or bulging of the papilla. Intra-ampullary tumors extending into the duodenal mucosa can present as an exophytic or ulcerative growth [13, 14] . The spread of these tumors may be invasive or noninvasive. Noninvasive spread includes intramucosal spread to the duodenum as well as the proximal areas of the common bile and pancreatic ducts. The invasive tumors spread via the musculature into the adjacent duodenal and/or pancreas. The lymph nodes involved are the peripancreatic group. Distant metastasis is usually to the liver, also to the peritoneum, lungs, and pleura. Vascular and perineural invasions are also known to occur in these tumors [15, 16] .
Pathologic staging is difficult due to the complexity of the anatomy of the ampulla of Vater. Ampullary carcinomas have been staged according to the AJCC Cancer Staging Manual 6th edition [13] . Based on the primary tumor (T), there are seven stages. Pancreaticoduodenectomy is the treatment of choice and the mainstay of therapy [3, 4, 17] .
They can arise in the ampullary duodenal aspect, lined by intestinal mucosa, or in the deeper aspect, lined by pancreatic or bile duct mucosa. Morphologically, the two types resemble their colonic and pancreatic counterparts [11] . The intestinal variant consists of elongated tubular units lined by cells ranging in height from tall columnar to cuboidal, with basal nuclei and apical mucin. The immunohistochemical marker profile of these tumors is similar to that of colonic carcinomas (CK20+, CK7−, and mucin 2 positivity (MUC2+)) [13] . The pancreatobiliary variant has simple or branching glands lined by epithelium ranging in height from cuboidal to low columnar. Its immune profile resembles that of pancreatic carcinomas (CK7+, CK20−, and MUC2−) [13] . The intestinal variant has a better prognosis than pancreatobiliary subtypes [18] .
However, the ampulla has complex histomorphological features, and the transition from pancreatobiliary ductal epithelium to intestinal epithelium is very subtle. Morphological overlaps are common and pose challenges in tumor classification. Further staging (T1/T2 or T3) is difficult due to mucosal invasion by these tumors and the occurrence of rare pancreatic acinar in the walls of the ampulla. Hence, a multifaceted diagnostic correlational approach among tumor morphological type, immunohistochemistry (CK and mucin immunoprofiling), and imaging studies can help circumvent the pitfalls in diagnosing ampullary carcinomas. Several studies with this multifaceted approach have been conducted; their focus was on the histomorphological features in varying combinations.
Zhou et al. were the first to show agreement between the histological classification and immunohistochemical characterization based on CKs. They found a high specificity of CK7 for pancreatobiliary carcinomas and of CK20 for intestinal carcinomas [7] . Similar findings were confirmed by the studies of Le Pessot et al. [8] and Roh et al. [15] . Furthermore, the findings of Westgaard et al., who studied 114 resection specimens, indicated similar moderate agreement between morphological type and CK immunoprofiling. They found that histological typing significantly discriminates between the pancreatobiliary and intestinal types of pancreatic head adenocarcinomas, which is important for determining prognosis [18] . CK7 and CK20 expressions could also have some bearing on the prognosis of carcinomas, regardless of subtypes. At least in one series on colorectal carcinomas, CK20 was expressed more in low-grade tumors and CK7 was expressed more in high-grade tumors with lymph node metastasis [17] .
This study was an attempt to find correlations between the morphological type and CK profile of ampullary adenocarcinomas. Both CK7 and CK20 are simple CKs with restricted tissue and neoplastic distribution. In this study, 70% of ampullary carcinomas showed ampullary adenocarcinomas are correlated to an extent with CK profile, and morphological-immunohistochemical subtyping is possible in 70% of cases. Lymph node metastasis occurs more frequently with CK7+ tumors than with CK20+ tumors. However, the above fact is hypothesized due to the limitation of the number of cases evaluated. This can be further evaluated by performing relevant studies. Among the microscopic features, an exclusively tubular architecture is associated with CK7 expression. Tall columnar cell component is unequivocally related to CK20 expression.
The correlations between some of the individual microscopic features, such as architecture and cell height with CK7 and CK20 expressions, are greater than those between intestinal and pancreatobiliary morphological types and combined CK7-CK20 profile. Table   2 Gross findings 
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